Preparations, crystal structures, thermal properties, IR and UV/vis spectroscopic studies and magnetic moments of tris (1,10-phenanthroline) (12), c = 17.0649(7)Å, β = 98.159(3) • and Z = 8, while 2 crystallizes in the triclinic system, space group P1, with a = 6.9624(9), b = 7.9224(11), c = 8.0501(11)Å, α = 107.404 • , β = 93.340(11) • , γ = 93.266 • and Z = 1. Both 1 and 2 have slightly distorted octahedral coordination geometry, involving six N atoms from bidentately chelating phen ligands and trans-[CoN 2 O 4 ] coordination geometry, in which the Co atom is located at a center of symmetry. There are significant hydrogen-bonding interactions in the structure of 1. The squarate dianions are linked to the eight solvent water molecules by means of hydrogen-bonding interactions. Moreover, there are links between the complex cation and the squarate dianion via C-H···O hydrogen bonds. These interactions hold the crystal structure of 1 in a three-dimensional network, while O-H··· O, N-H···O, weak π ···π and π ···ring interactions lead to a three-dimensional crystal structure for 2. The thermal decomposition pathways of 1 and 2 have been investigated by the help of thermal analyses data (TG and DTA).
Introduction
The versatility of the squarate anion (C 4 O 4 2− , sq) as a ligand has been amply demonstrated. The results suggest that it may act as a monodentate [1] or a bridging (µ − 1,2) [2 -5] , (µ − 1,3) [5 -14] ligand, but less has been written about the equally important complexes with squarate counter anions. Squarate and its metal complexes continue to attract attention, not only because of the coordination modes of squarate, but also because of the potential application of metal complexes to xerographic photoreceptors, organic solar cells and optical recording [15, 16] . Mixed ligand complexes with 1,10-phenanthroline is also interesting due to their potential role as models for biological systems such as binding of small molecules to DNA [17] . Picolinamide (pyridine-2-carboxyamide, 0932 -0776 / 06 / 0900-1094 $ 06.00 c 2006 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com pia) ligands represent a promising class of bidentate ligands for complex molecules that can be used to separate trivalent actinide and/or lanthanide cations from aqueous solutions of nuclear waste obtained by dissolution of spent fuel in nitric acid. These ligands possess such functionality because they combine a moderately hard amide O-and a softer pyridine N-binding site, which can co-operatively bind hard cations with possible discrimination as a function of size and hardness [18] . On the structure of cobalt(II) complexes with pia very little has been published. We reported earlier the crystal structure determinations of the [Ni(pia) 2 512 w 631 w -* w = weak; vw = very weak; m = medium; s = strong; vs = very strong; b = broad. a Reference [26] .
the synthesis, spectral and thermal properties of metal-orotate complexes with the phen ligand [23, 24] . As part of our ongoing research, in this study, the synthesis, spectral and thermal properties and crystal structures of two new Co(II) complexes with 1,10-phenanthroline and picolinamide ligands and squarate anions are described.
Results and Discussion

IR spectra
Selected IR bands of both complexes are listed in Table 1 . IR spectra of squarate complexes are quite characteristic. The IR bands at ca. 3600 cm −1 are attributed to the ν(OH) vibrations of coordinated and crystal water molecules in the complexes. In the IR spectrum of 2, the νNH 2 stretching vibration appears as two split bands at 3329 and 3380 cm −1 . The weak peaks in the 3075 -2800 cm −1 range are due to νCH stretching of pia and phen ligands. The IR vibration modes of the squarate anion, which are broad and very strong, were observed at 1520 and 1527 cm −1 for 1 and 2 complexes, respectively, and assigned to a mixture of C-C and C-O stretching vibrations. This type of absorption is characteristic of salts of C n O n 2− ions and it was found at 1500 cm −1 in the IR spectrum of K 2 C 4 O 4 [25] . The medium bands at the 1555 and 1593 cm −1 are due to ν(CN) stretching absorptions in 1 and 2, respectively. The strong band at 1661 cm −1 is due to νCO stretching of pia ligands. The low intensity bands at ca. 512 and 631 cm −1 are attributed to ν (Co−N) and ν (Co−O) vibrations, respectively.
UV/vis spectra and magnetic moments of the complexes
The electronic spectra of 1 and 2 in water exhibit a band at ca. 235 nm in the UV region, characteristic of the squarate. The λ max values of the first two 
Crystallographic analysis
D e s c r i p t i o n o f 1
The crystallographic data are summarized in Table 2. Tables 3 and 4 [33] .
The squarate dianions are linked to the eight solvent water molecules by means of hydrogen-bonding interactions. Moreover, links exist between the complex cations and squarate dianions via C-H···O hydrogen bonds. These interactions hold the crystal structure of 1 in a three dimensional network as represented in Fig. 2 .
D e s c r i p t i o n o f 2
The crystallographic data are summarized in Table 1 . Tables 5 and 6 list bond lengths and angles and hydrogen-bonding geometries. The structure consists of centrosymetric complex cations and a squarate dianions (Fig 3) . The complex shows an octahedral trans-[CoN 2 O 4 ] coordination geometry, in which the Col atom is located at a center of symmetry. The pyridine N atoms of the chelating pia ligands and the amide O atoms constitute the equatorial plane of the octahedron. The axial positions are occupied by water molecules. The Co1-O1 distance is slightly longer than the Co1-O2 distance. The Co1-O1 and Co1-N1 bond lengths are 2.1015 (15) The pia ligands are almost planar with an r.m.s. deviation of 0.0023Å and the maximum deviation from the mean plane of −0.0039 (19) Å for atom C1. This deviation in the pia ligand is caused by the coordination to the Co atom. The torsion angle between the carboxamide group and the pyridine ring is
The chelate ring is essentially planar with a r.m.s. deviation of 0.0234Å and the maximum deviation from the mean plane is 0.0280(14)Å for atom O2.
The pyridine ring and the carboxamide group are approximately coplanar with a dihedral angle 1.93 • .
The uncoordinated squarate anion shows exact planarity with a r.m.s. deviation of 0.0158Å. The dihedral angle between the squarate anion and the pyridine ring is 17.63
• . In the squarate anion, the C-O bond distances are 1.254(2) and 1.251(2)Å, while the C-C distances are 1.460(2) and 1.470(2)Å. These distances agree with those in [Cu (C 6 [20] . Each squarate anion is surrounded by four [Co(pia) 2 (H 2 O) 2 ] 2+ cations. The squarate anion's O atoms take part in hydrogen bonds with amide and water H atoms.
The hydrogen bondings stabilizing the crystal structure are shown in Fig. 4 . O1-H1···O3 ii hydrogen bonding occurs between the O atom of an aqua ligand and the O atom of a squarate anion. On the other hand, the amide group of pia is involved in hydrogen bonding N2-H4···O3 iii , with the O atom of neighboring water molecule. 
There are weak intermolecular π ··· ring interactions between pyridine rings and neighboring pyridine molecules. The perpendicular distance from ring A to A iv is 3.417Å [symmetry code: (iv) 1 − x, −y, 1 − z]. The distance between the ring centroids is 4.2103(12)Å for ring A, with another weak π ···π interaction between the ring A and the squarate ring (ring B). The distance between the ring centroids is 4.987Å for ring B. And also, ring B is involved in weak intermolecular C-H··· π interaction with the pyridine C1 atom.
These weak π ··· π and π ··· ring interactions support the three-dimensional crystal structure.
Experimental Section
Materials and instrumentation
All chemicals used were analytical reagent products. Elemental analysis for C, H, and N was carried out at the TÜBİTAK Marmara Research Centre in Turkey. Magnetic susceptibility measurement at r. t. was performed using a Sherwood Scientific MXI model Gouy magnetic balance. The UV/vis spectrum was obtained from the aqueous solution of the complex with a Unicam UV2 spectrometer in the range 900 -190 nm. The IR spectrum was recorded in the 4000 -200 cm −1 region with a Mattson 1000 FT IR spectrometer using KBr pellets. A Rigaku TG8110 thermal analyzer was used to record simultaneous TG, DTG and DTA data in static air atmosphere at a heating rate of 10 K min −1 in the temperature range 20 -500 • C using platinum crucibles. Highly sintered α-Al 2 O 3 was used as a reference.
A suitable single crystal was mounted on a glass fibre and data collection was performed on a STOE IPDSII image plate detector using Mo-K α radiation (λ = 0.71073Å). Data collection: Stoe X-AREA [39] . Cell refinement: Stoe X-AREA [39] . Data reduction: Stoe X-RED [39] . The structure was solved by direct methods using SIR97 [40] , and anisotropic displacement parameters were applied to nonhydrogen atoms in a full-matrix least-squares refinement based on F 2 using SHELXL-97 [41] . Molecular graphics: ORTEP-3 for Windows [42] ; software used to prepare material for publication: WinGX [43] . H atoms attached to the O1, O6 atoms of water and the N atoms were located in a difference Fourier map and their coordinates and U iso parameters were refined freely. The remaining H atoms were placed geometrically and allowed to ride on their parent atoms, with C-H = 0.93Å and U iso (H) = 1.2 U eq (C). At this stage, the maximum difference density of 1.37 eA −3 (the ratio of maximum / minimum residual density is 2.87) indicated the presence of a possible atom site. A check for the solventaccessible volume using PLATON showed a total potential solvent area volume of 74 A −3 .
Preparation of 1 and 2
A solution of phen (0.54 g, 3 mmol) or pia (0.25 g, 2 mmol) in ethanol (10 cm 3 ) was added dropwise with stirring to a solution of CoSq·2H 2 O [25] (0.21 g, 1 mmol) in distilled water (20 ml). The solution was heated to 60 • C in a temperature-controlled bath and stirring continued for 5 h at 60 • C. The reaction mixture was then slowly cooled to r. t. The orange crystals formed were filtered and washed with 10 ml of water and ethanol and dried in air. 
Supplementary data
Crystallographic data (excluding structure factors) have been deposited with the Cambridge Crystallographic Data Centre as the supplementary publications no CCDC 297121 and 297122. Copies of the data can be obtained, free of charge, on application to CCDC, 12 Union Road, Cambridge CB2 1EZ, UK (fax: +44-1223-336033 or e-mail: deposit@ccdc.cam.ac.uk).
